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“To identify a woman as a 

carrier after  she 

develops cancer is a 

failure of cancer 

prevention” 
Mary-Claire King 

JAMA. 2014;312(11):1091-1092 



Many failures of prevention 

90% BRCA carriers   

      99% Lynch carriers 

99.9% of everything else 

 



Goal 

Identify every mutation carrier for 

every hereditary syndrome known to 

man before disease occurs 



Table Vs. Pedigree 

Mother BREAST Cancer age 55 

Maternal Grandfather Prostate Cancer age 75 

Sister BREAST Cancer age 45 

Brother Colon Cancer age 25 

Maternal Aunt 
Cervical Cancer age 33, 
Ovarian Cancer age 45 

Maternal Cousin (Female) Colon Cancer age 30 



Neither 
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What Doctors want is to know what to do 
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BRCAPRO  Mutation Risk 25% 

  

Consider Genetic Testing 

 

CDS 

 

Arrange consultation 

 



Clinical Decision Support (CDS)  

•Apply Models/Guidelines to patient data 

•Identify best course of action 

 

•Results displayed as intuitive Visualizations 

 

•Next steps obvious 

 

•Next steps facilitated  



Why do we need CDS? 



The human brain is approaching its limit 



Hematologist          Hem/Oncologist                           Oncologist                 Breast Oncologist 

 

Radiologist                        Radiation Oncololgist                     Breast Radiation Oncologist 

 

General Surgeon                                       Surgical Oncologist                          Breast Surgeon 

Yoo et al. BMC Bioinformatics 2007 8(Suppl 9):S4   

Knowledge is growing exponentially 



Articles about BRCA1 

4335 articles 
in 2012 



Disorders with genetic tests available 



Memory-Based Medicine 

 “Current medical practice relies 

heavily on the unaided mind to 

recall a great amount of 

detailed knowledge”  

Crane, Raymond, The Permanente Journal 7:62, 2003 



Cancer Genetic Testing 



Where is CDS needed? 

• ID High risk 

• What test 

• Characterize the variant 

• Prognosis/Penetrance 

• Management 

• Test relatives 



Does patient need a test? 

• ID high risk 

– Patient 
• No cancer 

• Past cancer 

• Newly diagnosed cancer 

– Patient and each relative 
• Age   

• Vital Status  

• Cancer status 

• Age diagnosis  

• Ethnicity/Religion 

• Genetic testing 

 

Guidelines 

 

Models 

 



NCCN Guidelines 



Hereditary 

Hormonal 

Risk Mutation 

Myriad 

Pathologic 

Risk Mutation &  

Risk Breast Ca 

 

 

 

Risk Breast Ca 

Claus 

 

 

 

 

Gail 

BRCAPRO 

 

 

Tyrer Cuzick 

 

Modified by age, race, ethnicity, religion 



What test? 

• Which gene or panel? 

– Spectrum of diseases in the family 

– Cost of test 

– Availability 

– Insurers rules 





Non-BRCA Mutations 

Couch JCO 2015 

Desmond. JAMA Oncology 2015.  

Maxwell Genetics in Medicine 2014   

Tung Cancer 2015   . 

Tung JCO 2016 

Walsh PNAS  2011  

ATM 

BARD1 

BRCA1 

BRCA2 

BRIP1 

MRE11A 

NBN 

PALB2 

RAD50 RAD51C 
RAD51D 

CDH1 

CHEK2 

PTEN TP53 

APC 

BMPR1A 

MLH1 

MSH2 

MSH6 

MUTYH 

PMS2 CDKN2A 



Genes have Different Spectrums 

In 

Press 



Genes have Different Spectrums 

In 

Press 



Panel Examples 

Breast cancer 

susceptibility 
 

Unrelated to  

breast or 

ovarian  
 

  

Ovarian cancer 

susceptibility  

No breast risk 
 

Desmond  JAMA Oncol 2015 

PanCancer 



Characterize the variant 

• Significance currently 

– Pathogenic Vs. Benign 

  

• Significance over time 

– VUS 

 



VUS Rate with Panel Testing 

Tung Cancer 2015  

VUS 

40% 

Pathogenic 

60% 



Characterization of VUS’ over time 

Eggington, J.M., et al. Clin Genet. 2014;86(3):229-37  

BRCA1/2 

http://www.ncbi.nlm.nih.gov/pubmed/24304220
http://www.ncbi.nlm.nih.gov/pubmed/24304220
http://www.ncbi.nlm.nih.gov/pubmed/24304220


Prognosis/Penetrance 

• Management  

–Spectrum of diseases for that gene 

–Penetrance for each disease 

 

 

 



More genes to understand and manage 

Ambry Genetics 



Management 

• Spectrum of diseases for that gene 

• Penetrance for each disease 

• Patient characteristics 

–Age (Chronologic and physiologic) 

–Gender, 

–Presence or absence of cancer 

–Presence or absence of organs 

 

 

 



NCCN 

2016 

Management varies with Spectrum and Penetrance 



Test relatives 





Where is CDS needed? 

• ID High risk 

• What test 

• Characterize the variant 

• Prognosis/Penetrance 

• Management 

• Test relatives 



Data Entry 

Interface 

Knowledge Base 

Algorithms 

CDS Engine 

Results 

Interface 

Modular CDS 



Monolithic EHRs Make No Sense  



Monolithic EHRs Make No Sense  



Bayes Mendel/HRA 

Risk WebService 

 

Myriad 

BRCAPRO 

Gail 

Claus 

Tyrer Cuzick 6 

Tyrer Cuzick 7 

Accepts a single set of data 

Runs all models 

Update once for all users 



Bayes Mendel/HRA 

Risk WebService 

Memorial 

Hospital 

Florida 
EPIC 

Hughes 

RiskApps 



Data Collection Interface Results Interface 

Bayes Mendel/HRA 

Risk WebService 



Conclusion 

• Accessible Knowledge bases 

– Machine readable guidelines 

• Open up EHRs  

– APIs 

– SMART on FHIR 

– Anything 


